It also highlights Australia's trading partners and the leading countries in merchandise trade. Section 3 describes the theoretical framework employed in this study. Section 4 discusses the model simulations while Section 5 summarises the results.
Background
Australia is a net importer of traditional forest products. Australia does not have significant forest trade relationship with the US. However, the US economy is a major consumer of forest products internationally. In terms of forest products, Australia's main exports are woodchips and sawnwood and it mainly imports wood-based panel and paper and paperboard. Japan and China are the main destination of exports, where Japan is the biggest market for Australian woodchips (broadleaf and conifer) and China is the biggest market for recovered paper. It is anticipated, however, that China will be Australia's biggest market for forest products in the next few years. Table 1 shows the top exporting and importing countries of world merchandise. Interestingly, the top four exporters are also the top importers of world merchandise. Moreover, nine countries dominate world merchandise trade. Interestingly, the Russian federation is amongst the top exporters of world merchandise. It is ranked third behind the United States and Canada and ahead of Brazil and China in terms of industrial roundwood production (Food and Agriculture Organization [FAO] , 2009). The Russian Federation is also a major producer of wood-based panels behind China, the United States, Germany and Canada (FAO, 2009 ). The region is amongst the top five exporting and consuming countries for industrial roundwood, wood-based panels and sawnwood. (Smaller, 2005) . These sectors include electronics, bicycles and sporting goods, chemicals, fish, footwear, forest products, gems and jewellery, pharmaceuticals and medical devices, and raw materials. The possible increase in forest products trade due to lower tariffs can have a significant effect on deforestation and as a consequence carbon trading.
Partial equilibrium models have been used in the past to analyse the effects of tariff reductions in the forest sector (Liu et al., 2005) . These models cannot generally include the interactions of different sectors in the economy with the forestry sector. Since forest products can be processed to have a higher value-adding within an economy's production as well as consumption, changes in forestry production (and consumption) due to tariff reduction can have significant impacts on the whole economy. Using a global CGE model, such as GTAP, the changes in one sector of the world economy say, countries with higher endowment of forest products or countries that rely heavily on forest products, can be predicted and analysed. Industries and/or countries that are affected in a positive or negative way can be identified. The GTAP model has also been used to analyse the effects of tariff liberalisation on the forest sectors of Brazil, the European Community and the United States (Coelho et al., 2006; Francois et al., 2003; Tsigas, 2005) .
Theoretical model and data specifications
The model used in the study is developed within the global trade analysis project (GTAP). The project is a global network of researchers and policy makers conducting quantitative analysis of international policy issues. The standard GTAP model is a multi-region (i.e. 113 regions), multi-sector (i.e. 57 sectors), computable general equilibrium model, with perfect competition and constant returns to scale. Each region has a single representative household. The share of aggregate government expenditure in each region's income is held fixed. There is a global banking sector which intermediates between global savings and consumption. International trade and transport margins are treated explicitly and bilateral trade is handled via the Armington assumption. Full documentation of the theoretical structure of GTAP is available in Hertel (1997) .
The study uses GTAP database version 7. It contains complete bilateral trade information, transport and protection linkages among 113 regions for all 57 commodities for 2004. The database also includes energy data and OECD domestic support. In this study, the regions are aggregated to 25 regions selected to emphasise global trade on forestry products. There are 13 sectors (commodities) selected to place emphasis on the forest sector and the other sectors in the economy that depend on it (i.e. forestry, wood products and paper products) and they are summarised in Table 1A (see appendix) . The regions are selected and grouped to identify the main players in forestry trade. Regions like Russian Federation and SubSaharan Africa are included in contrast to Liu et al. (2005) to highlight the relative importance and contribution of these countries. There are five factors of production: land, unskilled labour, skilled labour, capital and natural resources, where labour and capital are assumed mobile. There is no change in the parameters used within the standard GTAP data base. Both short-run and long-run closures are implemented, where capital is fixed in the The GTAP model requires a large data base (like any macroeconomic model) to reflect the underlying economic structure and dependency between regions. It provides a global/macroeconomic framework on inter-linkages between and amongst regions. The results from CGE analyses should be taken with caution and should not be relied on as the sole source of information (Siriwardana & Yang 2007, p. 26) . Hence, specific country effects and microeconomic implications have to be tested using single-country CGE modelling. Nevertheless, a global model such as GTAP can provide useful insights to potential distribution effects of tariff liberalisation policies.
Results
On the macroeconomic level, the effects of a global trade liberalisation within the global forestry sector are minimal. The short-run and long-run effects for most regions are similar as shown in Table 4 . Thailand, Sub-Saharan Africa and Russia would experience a reduction in their terms of trade relative to the other regions in the model between -0.07 per cent and -0.14 per cent. However, these countries together with Malaysia would experience an increase in their real gross domestic products (GDP) relative to the rest of regions between 0.06 per cent and 0.55per cent. The gains in economic growth are higher in the long-run than in the short-run for Thailand, Sub-Saharan Africa and Russia. In terms of welfare, some regions benefit more in the short-run than in the long-run and vice versa. In the short-run, amongst the countries, China and Japan would experience the most gains at around US$ 400 million. China, Thailand, Russia and collectively, Latin America, Sub-Saharan Africa and the EU_25 would gain more in the long-run at US$ 445 million, US$ 415 million, US$ 1.35 billion, US$ 722 million, US$ 594 million and US$ 1.03 billion, respectively. Australia is only slightly affected with modest increase in welfare.
Under Doha with the possible liberalisation of forestry tariffs, Australia can benefit since its major exports are agricultural goods which include forestry products. Table 5 shows changes in the Australian output and consumption of forest products compared to the other major traders of forest products as well as major traders of world merchandise in general. Forest products are classified into three groups such as forestry 3 , lumber and wood products and pulp and paper products. Australian output of forest products is predicted to decline whereas the opposite is true for the consumption of forest products.
Amongst its major trading partners of agricultural products, Japan's output of forestry and lumber and wood products would decline by -0.42 per cent and -0.72 per cent, respectively but the output of pulp and paper as well as the consumption of forest products would increase by 0.19 per cent, 0.14 per cent, 0.97 per cent and 0.04 per cent. China would benefit both in the production and consumption of forest products with the exception of pulp and paper production which would decline by -1.45 per cent. In contrast, the United States of America would experience a slight reduction in the production of forestry and lumber and wood products and a slight increase in the consumption of forest products. Indonesia would increase its production of forestry output by 2.06 per cent, lumber and wood products by 3.97 per cent and pulp and paper output by 1.69 per cent.
The European Union is also a major market for Australian agricultural products. At the moment, there are 27 countries included in the EU market. In the model simulation, the 25 EU countries are grouped into one region (i.e. EU_25) with Germany and the United Kingdom treated as separate regions. Germany would experience an increase in outputs for lumber and wood products and pulp and paper products by 0.62 per cent and 0.40 per cent, respectively while the UK would experience a reduction in the output as well as the consumption of its forestry products and the opposite for pulp and paper products. Collectively, the output of forest products in EU_25 would increase between 0.19 per cent and 0.58 per cent. Table 6 shows the changes in Australia's market prices of forest products. Australia's domestic price of forest products would decline more than the world prices of forestry, lumber and wood and pulp and paper products by -0.36 per cent, -0.47 per cent and -0.22 per cent. Amongst its top trading partners in agricultural products, only Indonesia would experience a relatively substantial increase in the market price of forestry products at 1.05 per cent and a reduction of -0.52 per cent in the market price of pulp and paper products although China's market price for pulp and paper products are reduced by -0.32 per cent.
Russia, Latin America and Sub-Saharan Africa would experience the most reduction in the market price of forestry products between -0.54 per cent and -1.13 per cent while Malaysia and Taiwan 4 would experience the biggest increase in the market price of forestry products at 1.06 per cent and 3.24 per cent respectively. Korea would experience a reduction in the market price of lumber and wood products at -1.25 per cent while Thailand would experience the most reduction in the market price of pulp and paper products at almost -5 per cent. New Zealand and the rest of North of America (which includes Canada) would experience a similar reduction in the market prices of their forest products. Table 4 . Effects of tariff liberalisation on terms of trade, real GDP and welfare Table 5 . Percentage changes of Australian output and consumption of forest products Japan and Korea would increase their exports of lumber and wood products by 30.16 per cent and 40.32 per cent while China, Taiwan, Indonesia, Malaysia, Latin America and the Middle East and North African countries would also increase their exports of lumber and wood products between 5 per cent and 8 per cent. In terms of imports of lumber and wood products, Latin America, Sub-Saharan Africa and Russia would experience an increase between 30 per cent and 37 per cent while China, Indonesia, Malaysia and Thailand would experience an increase of between 15.06 per cent and 17.94 per cent. Australia, New Zealand and Korea would experience a modest increase in their imports of lumber and wood between 7 per cent and 10 per cent. Thailand's export of pulp and paper products would increase by 33.55 per cent while East Asia (excluding Japan, Korea and Taiwan), Taiwan, Malaysia and India would increase their export of pulp and paper products between 10 per cent and 17 per cent. Japan and Korea would also experience an increase in their export of pulp and paper products by 7.51 per cent and 9.62 per cent, respectively while New Zealand would experience a decline of around -4.57 per cent. In terms of import of pulp and paper products, Thailand's imports would increase the most by 20.09 per cent. Russia, Latin America and Sub-Saharan Africa would increase their imports of pulp and paper products by 11.86 per cent, 14.75 per cent and 16.79 per cent, respectively. Australia, China, Korea, Indonesia and Malaysia would also increase their imports of pulp and paper between by 4 per cent and 10 per cent. 
Summary and conclusion
The interaction between economic activity and the environment are increasingly being recognised not only locally but internationally. Globalisation and the relevance of international trade suggest that increasing cooperation amongst countries is required. Trade liberalisation and climate change are issues that will continue to be in the political agenda for the next few years. With forestry included in the DOHA round of trade negotiations, the sector's effects on the domestic economy as well as its importance in managing climate change could reveal important policy implications.
The study analyses the effects of trade liberalisation on forestry products in Australia, amongst the leading exporters and importers of forest products, in particular, as well as global merchandise, in general. The study utilises the Global Trade Analysis Project (GTAP) model and its database, version 7 with 2004 data. There are 25 regions aggregated to emphasise global trade on forestry products and 13 sectors to emphasise the forest sector and the other sectors in the economy that depend on it. There are five factors of production namely, unskilled and skilled labour, capital, land and natural resources. There is no change in the parameters used within the standard GTAP data base. The study has not incorporated the role of the forestry sector in carbon sequestration.
Given that forest products only comprise a small proportion of world merchandise trade, it is expected that trade liberalisation would cause small changes in terms of trade, real GDP, production, consumption and prices of forest products in most countries. In the short-run, national welfare in China and Japan would increase substantially by more than $US400 million while the opposite is true for North America (excluding the United States). In the long-run, national welfare in China, Thailand, Latin America and Russia would increase between $US445 million and $US1.35 billion. Collectively, EU_25 and Sub-Saharan Africa would experience the highest increase in welfare in the long-run by $US1.03 billion and $US594 million, respectively. It seems that Asian countries, Latin America, Russia, the EU as well as Sub-Saharan Africa would gain the most with a tariff reduction on forest products namely forestry, wood and paper products.
As a caveat, the study does not explicitly model land use or carbon sequestration. It also cannot capture the full benefits of sustainability issues in forestry such as rotation periods and forest cover. However, there are recent attempts in the literature to address this shortcoming (Sohngen et al., 2008) . It is apparent that forestry and hence the forestry sector generally can have environmental benefits such as biodiversity, low salinity, low soil erosion, etc. The incorporation of all non-monetary benefits requires a substantially rich environmental data set and modelling methodologies. The specific costs and benefits of localised industries and/or regions should be explored further via case studies to ensure success of any policy attempting to balance economic and sustainable issues.
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